INTRODUCTION
Zooplankton is found throughout the oceans, seas and lakes of Earth and so on. However, the local abundance of plankton varies horizontally, vertically and seasonally. The primary source of this variability is the availability of light and the secondary one is the nutrient availability (Thurman, 1997) . Planktonic groups may be expected to demonstrate minimal seasonal variation, with standing stocks of organisms changing only by a factor of two or three over an annual cycle (Webber and Roff, 1995) . The seasonality is often unpredictable and less pronounced than in temperate waters. Annual fluctuations are generally related to shorter-term patterns of variability, for example rainfall, especially in coastal regions (Chisholm and Roff, 1990) . Lake Timsah It covers about 16 km 2 and its depth ranged between 3 and 16 m. The lake is considered as one of the most productive lake along the Suez Canal (Madkour et al., 2006) . At the western side, the lake is connected to a small shallow lagoon via a narrow passage. The human population of Ismailia is around 1 million. As estimated by ETPS (1995) , the western lagoon receives about833000 m 3 day −1 of domestic and agricultural waste waters from many drains (El-Mahsama, Abu-Gamouss, AbuAttwa and El-Bahtini drains). On the northern side, the lake receives occasional inputs from the Ismailia freshwater canal (Madkour et al., 2006) .
Studies on the zooplankton groups of Lake Timsah are quite fragmentary when compared to other Egyptian lakes. Most of these studies were based on short-term sampling and considered the lake as one site among many along the Suez Canal (ElSerehy et al. 2000 and El-Serehy et al. 2001) . Unfortunately, zooplankton groups have attracted little attention in Lake Timsah and little detailed studies have been performed in this lake (Abou-Zeid, 1990 and El-Sherbiny et al., 2011) Hence the importance of this work is study of zooplankton groups in Lake Timsah to shed some light on diversity, distribution, abundance of their groups in this lake. Diversity indices were studied for measure the ecological "health" or stability of the zooplankton groups inhabiting the lake.
MATERIALS AND METHODS
The study area is situated at Lake Timsah. Ten stations were selected and covered all localities at Lake Timsah (Fig. 1) . Zooplankton samples were seasonally collected from spring 2015 to winter 2016 by using standard plankton net (55μm mesh size, 22.5 cm mouth diameter). Immediately, the collected samples were preserved in 4% neutral formalin solution. In the laboratory, the sample volume was concentrated to 100 ml and the whole sample was examined in Petri dish to identify all groups. Triplicate of 3 ml subsamples were transferred into a countering cell (G.F.C. rafter cell) and each group was counted under binuclear microscope. The identification of zooplankton group was done by using many keys such as, Tregouboff & Rose (1957) , Edmondson et al. (1959) , Marshall (1969) , Boltovskoy (1999) , Conway et al., (2003) and El-Naggar (2014). Four diversity indices were calculated to estimate the stability of groups structure viz, species richness (Margalef, 1968) , Shannon-Wiener diversity index (Shannon and Wiener, 1963) , Evenness or equitability (Pielou, 1975) , and Simpson index (Simpson, 1949) .
RESULTS

Zooplankton groups composition
The examination of zooplankton samples collected from Lake Timsah revealed that the zooplankton groups comprised 13 groups: Copepoda with relative abundance of 39.44%; Rotifera (32.72%); Mollusca (15.15%); Tintinnida (4.55%); Polychaeta (3.43%); Cirripedia (1.62%); Decapoda (1.24%); Cladocera (0.94%); Ostracoda (0.57%); Appendicularia (0.19%); Fish egg (0.06%); Foramenifera (0.04%) and Cnidaria (0.04%). A total of 138 zooplankton taxa were identified during the present study. Copepoda was the most diversify group during the study period, they represented by 62 species comprised 44.93% of the total recorded species. Rotifera (33 species, 23.91%) was the second diversify group, followed by Tintinnida (18 species, 13.04%), Cladocera (10 species, 7.25%), Ostracoda (5 species, 3.62%), Mollusca (4 species, 2.90%), Appendicularia (3 species, 2.17%), Cnidaria (2 species, 1.45%) and Foramenifera (one species, 0.72%) ( Table 1) . Temporal distributions of the zooplankton recorded in Lake Timsah. Abundance The total annual average of zooplankton abundance were 43550.02 ind./m 3 . As shown in (Fig. 2 ) the abundance of zooplankton varies greatly from season to another. They were flourished in summer with an average of 74833.37 ind./m 3 (42.95% of the total recorded zooplankton abundance), followed by spring (25.35%), autumn (22.56 %)and winter cam at the last (9.13% of the total recorded abundance). (Fig. 3) . Fig. 4 shows that the number of zooplankton species was varied seasonally within wide range. From this results, the highest species number (83 species) was recorded in spring, followed by summer (60 species), autumn (37 species) and the lowest species number (24 species) were recorded in winter. In this context, the seasonal variations of species number of each group were explained that spring listed 43 copepod species, 11 tintinnid species, 9 rotifer species, 7 cladosran species, 5 ostracod species, 4 molluscan species, 3 appendicularian species and only one foraminiferan species. On the other hand, there are 28 copepod species, 21 rotifer species, 6 tintinnid species, 2 cladosran species and only one species of each of appendicularian, ostracod and cnidarian were recorded during summer. While, autumn noted 15 rotifer species, 14 copepod species, 4 cladosran species, two tintinid species and only one species of each of Ostracoda and Cnidaria. Finally, winter zooplankton were comprised of 11 rotifer species, 6 copepod species, 4 tintinid species, 2 ostracod species and only one species of Foraminifera (Fig. 4) .
Number of species
Spatial distribution of zooplankton groups Abundance:
The spatial distribution of zooplankton groups at study area illustrated in (Fig.  5) 3 ). Other groups (Cladoceras, Ostracoda, Appendicularia and foraminifera) were rare and recorded in few stations (Fig. 5) . 
Number of Species
The spatial distribution of zooplankton species is represented in Fig. (6) . St.1 was the highest station had species number of zooplankton (42 species) represented 30.4% of the total recorded species (22 rotifers species, 10 ccopepods, 5 cladocerans, 2molluscs, 2 ostracods and only one tintinnid species). St.2 was the second station with 33 species (23.9%) (10 copepods species, 10rotifers, 5cladosrans, 3ostracods, 3 molluscs and 2tintinnids), followed by St.8 (33 species, 23.9 %) (18 copepods species, 7 rotifers, 4 tintinnids, one of each molluscan, appendicularian, ostracod and forameniferan species), St.10 (33 species, 23.9%) (17 copepods species, 9 tintinnidas and 7rotifers), St.7 (30 species, 21.7%) (14 copepods species, 7 tintinnids, 6 rotifers and 3 appendicularians), St.5 held 29 species (21%) (22 copepods species, 2tintinnids, 4 rotifers and only one appendicularian species), St.4 (28 species, 20%) (14 copepods, 6 rotifers, 4 tintinnids, 2 molluscs, and only one species of Ostracoda and Appendicularia), St.9 (25species, 18.11%) (9 copepods, 8 tintinnids, 5 rotifers and only one species of each ostracod, mollusk and cnidarian), St.6 (24 species, 17.3%) (17 c opepods, 3 Rotifers and only one of each tintinnid, cladosran, cnidarian, forameniferan). Finally, the lowest number of species was recorded in St.3 (21 species, 15.2%) (15 copepods species, 4 rotifers, 2 tintinnids). 
Spatiotemporal distribution of zooplankton Abundance
At all sampling stations during all surveyed seasons, zooplankton abundance show high three peaks (Fig. 7) (Fig.7) . 
Number of Species
The number of zooplankton species recorded its highest value (22 species) at St.7 during summer, followed by 20 species at St.7 during spring and 19 species at St.1 during spring, but the lowest number of species (3 species)was recorded in each of St.3 during winter, St.3 and St.9 during autumn, and 4 species at St.10 during winter (Fig. 8) ,.
Regarding groups, the highest number of copepod species (14 species) was recorded at St.5 during spring, followed by 13 species at St.4 during spring and St.8 during summer, while the lowest one (one species) was recorded at St.3, St.7 and St.10 during winter. In this context, the number of rotifers species was high at St.1 during autumn being 11 species, while the lowest one (one species) was occurred at St.7 during spring and each of St.3, St.5, St.6, St.9 and St.10 during autumn. On the other hand, the number of tintinnid species was high (8 species) at St.10 during spring, while its lowest value (one species) was recorded at many stations during different season. The number of cladosran species was high (4 species) at St.1 during spring, and low (one species) at St.2 and St.6 during summer and St.2 during autumn.
The highest number of appendicularian species (3 species) was recorded in St.7 during spring. The highest number of molluscan species (2 species) was noted in St.5 during spring. While, the number of ostracod species was high (2 species) at St.1 and St.2 during spring. Finally, there is only one cnidarian species were seen only one time (Fig 8) . Stability of zooplankton distribution in Lake Timsah: Temporal stability.
The present data showed that zooplankton species were unstable in their temporal distribution, where 71.74% of zooplankton species were recorded in one season only, 14.49% in two seasons, 9.42% in three seasons and 4.35% of recorded species were frequented in four seasons (Fig. 9) . 
Spatial stability
It is clear from Figure ( 10), the zooplankton species were poorly distributed between investigated stations, where 56.52% of the total zooplankton species were recorded in one station, 21.01% in two stations, 7.97% in three stations, 4.35% in four stations, 2.17% in five stations, 2.17% in six stations, 1.45% in seven stations, 1.45% in eight stations, 0.72% in nine stations and 2.17% ten stations. 
Diversity indices of zooplankton distribution in Lake Timsah
As a result of the Table ( 2), the ecological diversity indices are fluctuated within wide range between stations during four seasons. Where, the highest value of species richness (1.909) was recorded in St. 7 during spring, followed by, 1.863 in St. 8 during summer, while its lowest value (0.2003) occurred in St. 9 during autumn followed by, 0.2085 in St. 3 during autumn. Also, the highest value of Shannon index (2.465) was recorded in St. 7 during spring, followed by 2.121 in St. 9 during summer, but its lowest value (0.6722) was recorded in St. 6 during winter, followed 
DISCUSSION
Zoogeography plays an important role in determining zooplankton species distribution on a broad scale (Keller and Pitblado, 1989) .Zooplankton has a nonrandom distribution in the pelagic groups and exhibits various levels of patchiness (Haury et al., 1978) . The distribution of zooplankton species may be determined seasonally, spatially or geographically by one or more of a number of limiting factors (Goldman and Heron, 1983) . The zooplankton distribution in Lake Timsah has received little attentions in the past decade in regards to its importance as a rout in zooplankton migration between Mediterranean Sea and Red Sea (Zakaria et al, 2016 (Zakaria et al, , 2018a .
In over view of the present result, the zooplankton groups collected from Lake Timsah comprised 13 groups have a total of 138 species and immature stages and larvae.The number of zooplankton species recorded in the present study is very higher than that recorded in the previous studies by Abou-Zeid (1990) (37 taxa) and El-Sherbiny et al. (2011) (34 species) . The great varieties in the number of zooplankton species between the present result and the previous ones were attributed to many reasons include; the difference of studied stations; period and mode of collection, mesh size of collecting zooplankton net and climatic changes. Different method of collection yielded different result as investigated by Abd El-Rahman (2005) .
In general, the present huge number of species recorded in the lake can be attributed to the continuous discharge of wastewater, which leads to increasing nutrient concentrations in the lake and western lagoon. In addition, Lake Timsah is continuously showing alternative changing in its water characters, because it usually receives high salinity waters from the Great Bitter Lake in the south and these are overlined by a layer of fresh and brackish water coming into the lake from the outflow of Ismailia freshwater canal; in addition to fresh water from four drains: ElMahsama, EI-Bahtini, Abu-Gamous and El-Forsan. These salinity variations create different habitats for more different species. Environmental salinity is a major factor in reproduction, larval dispersal and recruitment, geographical distribution, and behavior of marine species (Spivak and Cuesta, 2009 and Smyth et al., 2014) . Because of this, salinity changes will influence the structure of groups and the boundaries of species distribution inside lake.
The total zooplankton density during the investigation period revealed that the zooplankton standing crop in Lake Timsah (43550.02ind./m3) were more productive than the previous studies, El-Sherbiny et al. (2011) (Sharaf, 2018) and Lake Manzalah with 5×10 6 ind./m 3 (El-Sherif et al. 1994) . In concerning of temporal distribution of zooplankton, summer was the most productive season, but the minimum densities were recorded in winter. This pattern of temporal distribution was confirmed by El-Sherbiny et al. (2011) at this Lake. In contrast, El-Bassat (2008) find opposite the present result in Bitter Lakes; who stated that autumn is the more productive season and spring and summer the poorest ones. In the context of the variations of number of zooplankton species during study period, spring has the highest diversity and the winter was the lowest. Zooplankton distribution and dynamics in estuaries are driven by physical -chemical factors, biological characteristics, meteorological conditions and the interactions of these factors (Telesh, 2004) . The presence of high densities in these seasons may also be due to the breeding season of these species. This is comparable with the studies of Abou-Zeid (1990) in the same area and Hanafy et al. (1998) in the mangrove area in the Gulf of Aqaba.
According to the data of spatial distribution, the abundance of zooplankton species was high in freshwater at western lagoon followed by the saline water stations near Suez Canal. Also, the number of species was high in freshwater at western lagoon then the species spread almost equally between the other study stations. The differences in salinity, changes in the water characteristics and the variations of the water masses that the lake receives them are working to change of the zooplankton distribution within the lake. Where, the stations close to the nonmixed water masses, such as the Western Lagoon station and high salinity stations near the Suez Canal contain semi-stable groups, and have species coexist and adapt with their optimum habitat, so increase their abundance. on the other side, they when moving toward the high mixing stations in the middle of the lake, they trying to adapt, and could be affected by the changes in these stations. In this context, most individuals can't cope on these changes and lead to reducing their abundance, while some individuals trying to resist the changes. This explains the semi-homogenous distribution of species and decreasing of their abundance in these stations. This is confirmed by the instability in the distribution of species, whether on the temporal or spatial scale. Where on a temporal scale, there are more than 71% of the species were recorded in only one season whereas on the spatial scale, there are more than 56% of the species were recorded in one stations. The temporal and spatial distribution of zooplankton differs according to the controlling factors. Siebeck (1980) mentioned that zooplankton is not only regulated in their distribution by the physical factors; they swim both vertically and horizontally.
Changes in the abiotic environment can have wide-ranging biological effects among them population-level shifts of distribution due to physiological intolerance to new conditions (Bernhardt and Leslie, 2013) . These shifts can result in changes in groups structure and species interactions which have the potential to influence ecosystem functioning and the provision of services to society (Doney et al., 2012) .Changes in environmental stressors can influence the distribution of species and assemblages, the timing of important life-cycle events, abundance and groups structure (Moller et al., 2015) . Zooplankton groups are highly sensitive to environmental variation. As a result, changes in their abundance, species diversity, or groups composition can provide important indications of environmental change or disturbance. They respond to a wide variety of disturbances including nutrient loading (Dodson 1992) , acidification (Marmorek and Kormann, 1993) , contaminants (Yan et al., 1996) , fish densities (Carpenter and Kitchell, 1993) , and sediment inputs (Cuker, 1997) .
In concerning of the diversity indices that use as a measure of ecological "health" or stability of the biotic groups. Also, the species indices values resulting from the present data confirm and indicate to the species disturbance between stations during study period. (Bojanic et al., 2012) found that the species richness (S) was positively related to overall zooplankton abundance on a temporal scale, but the strength of that relation was negatively related to increased trophic state. Zooplankton abundance and species dominance increased proportionally with increased trophic state. They concluded that species richness was positively related to overall abundance temporally and was also affected by environmental trophic state.
Because the difference of water entering the lake, it is clear that each group dominant a region. Where, copepods were common in stations that near of the Suez Canal due to the presence of saline water masses. Whereas, rotifers were dominant in stations near freshwater masses, such as Western Lagoon. Specially, Copepods represented the subdominant component, followed by rotifers, Tintinnida.,Cladocera and Ostracoda. This finding resembles that recorded by El-Sherbiny et al. (2011) in the same Lake. They stated that the high abundance of copepods in Lake Timsah occurred under conditions of elevated salinity, whereas lower salinity allowed rotifers and other freshwater forms to flourish near the outlet of a canal carrying urban waste. This dominance of copepods was documented previously in the same area (Abou-Zeid 1990; Ghobashy et al. 1992) , in the Suez Canal area (El-Serehy et al., 2001) and in the eastern Mediterranean (Dowidar, 1988; Zakaria et al., 2018b) . Rotifers are known to be excellent indicators of organic pollution as they thrive better in organically rich environments (Paleolog et al., 1997) . A comparative investigation of Egyptian lagoons showed that cleaner environments have smaller standing crops and are not so species-rich, whereas eutrophic areas sustain the greatest number of both individuals and species, though only up to a certain level (Guerguess, 1992) . Rotifers constituted the second most important group, they were found in high densities at sites of low salinity which receive polluted water from agricultural drainage as well as domestic sewage (ETPS, 1995) , but were practically absent in the middle of the lake and near Suez canal. The high densities of mollusc and polychaete larvae reflect their great contribution and the dominance of these groups in the lake (Ghobashy et al., 1992; Kandeel 1992) .
